ABSTRACT: We studied the foraging behaviour of lactating female, adult male and juvenile New Zealand (NZ) fur seals to compare and contrast their foraging strategies and assess the degree of spatial separation of their foraging habitats. Adult male fur seals are longer and heavier than lactating females, which are longer and heavier than juveniles. Trip duration was positively correlated with the distance travelled by all age/sex groups. Juveniles conducted longer trips and travelled further from the colony than males. Both juveniles and males conducted longer trips and travelled further than females, which made brief trips because they were provisioning pups. There were no seasonal differences in the behaviour of males, but females and juveniles foraged closer to the colony in summer when they were moulting and females had younger pups. Behavioural differences were recorded between lactating female, male and juvenile seals in the directional bearing from the colony, the distance travelled, the minimum size of the area that was potentially visited and the horizontal swim speed. Intra-specific foraging competition among these age/sex groups was minimal because lactating females typically used continental shelf waters and males utilised deeper waters over the shelf break, adjacent to female foraging grounds. Furthermore, juveniles used pelagic waters, up to 1000 km south of the habitats used by adults. Differences in the habitats used by females, males and juveniles were also apparent in the seafloor gradient, the SST and the surface chl a concentration, with females using regions with the highest chl a concentrations. Results from this study suggest that smaller seals cannot efficiently utilise prey in the same habitats as larger seals because smaller seals do not have the capacity to spend enough time underwater at the greater depths.
INTRODUCTION
Niche partitioning has been termed the ghost of competition past (Crowder 1986 ) because a common result of intense competition is that individuals alter their behaviour and/or the niche they utilise. The ways individuals utilise niches are also dictated by life history constraints, which are shaped by their strategies to maximise fitness. Some species aggregate in great numbers to breed, dramatically increasing the potential for intra-specific competition for resources around colonies. Although coloniality confers selective benefits, such as enhanced mate-choice and defence against predators (reviewed in Andersson 1994), large aggregations of high-order consumers may deplete local food resources (Ashmole 1963 , Birt et al. 1987 ). This may result in the separation of breeding and foraging habitats and increases the cost of commuting to provision dependent young, which remain at the central place (Orians & Pearson 1979) . In an attempt to reduce this cost, colonies of some terrestrial animals are located in different places from year to year, tracking their dynamic food resources (Brown et al. 1992) . However, animals such as fur seals and sea lions utilise the marine environment to forage but must return to land to breed and nurse their dependent young. The energetic cost of commuting to foraging grounds is therefore a factor that may influence the location of colonies and affect the fitness of breeding seals, as has been demonstrated for seabirds (Hunt et al. 1986 , reviewed in Gremillet et al. 2004) .
In contrast, non-breeding seals are less constrained in where they can forage, so they would be expected to avoid proximal feeding grounds by conducting longer foraging trips to search out more profitable habitats. Recent studies on seals confirm that non-breeders typically spend longer at sea on each foraging trip and forage further afield than lactating females (Boyd et al. 2002 , Sterling & Ream 2004 , Ream et al. 2005 , Page et al. 2005a and references therein). Differences in the diet and diving behaviour of lactating female, male and juvenile New Zealand (NZ) fur seals Arctocephalus forsteri in southern Australia indicate that they utilise different prey and that lactating females typically utilise shallower habitats than males (Page et al. 2005a,b) . Adult female NZ fur seals utilise more low energy prey such as squid, whereas adult males and juveniles use more energy-dense prey such as birds and fish (Page et al. 2005b) . Little is known of the distribution of NZ fur seal prey in southern Australia. However, the dietary variation reflects differences in their metabolic requirements and physiological constraints, because lactating females also perform relatively brief foraging trips in order to nurse their dependent pups (Page et al. 2005b) . In contrast, a greater diving capacity is thought to be necessary to access the prey that adult males require to maintain their relatively large body size, and juveniles are likely limited in their ability to utilise larger prey (Page et al. 2005a,b) .
The distribution of different sized prey can influence the habitat utilised by predators because predator body size may affect the size of prey that can be efficiently captured, killed and consumed (e.g. Ashmole 1968) . For air-breathing divers such as seals, body size is also related to oxygen storing capacity and diving ability, which determine how deeply prey can be accessed (Kooyman 1989) . Furthermore, some large predators are thought to be less adept at capturing small prey, so these predators may specialise on larger, less-manoeuvrable and/or cryptic prey, which are typically benthic (e.g. Australian sea lions Neophoca cinerea, Gales & Cheal 1992 , Costa & Gales 2003 . Such predator/prey size relationships have been found among sympatric tern species and different demographic groups of fur seals (Ashmole 1968 , Hulsman 1987 , Page et al. 2005b .
Differences in the physical properties of water masses and bathymetric features can be associated with upwellings, frontal systems, eddies and thermoclines. Predators are thought to use these oceanographic features to improve their foraging success because they often correspond to elevated levels of primary, secondary and tertiary productivity (e.g. Georges et al. 2000 , Ward et al. 2004 . When these features alter the properties of surface waters, information on their location and intensity can be collected by satellite. Establishing links between predator foraging behaviour and oceanographic features can provide a greater understanding of the foraging habitats used by different predators. For example, changes in the sea surface temperature (SST) and the location of upwellings and frontal systems have been correlated with differences in fur seal foraging behaviour (e.g. Loughlin et al. 1999 , Georges et al. 2000 , Ream et al. 2005 . In order for these relatively productive systems to be efficiently exploited by central-place foragers, they must be predictable in terms of their seasonality and their approximate location (Georges et al. 2000) .
Although differences in the diving behaviour and diet of lactating female, adult male and juvenile NZ fur seals have been demonstrated (Page et al. 2005a,b) , their foraging locations have not been documented. We used satellite telemetry to investigate where NZ fur seals foraged from a colony in southern Australia, in order to compare and contrast (1) their foraging locations, (2) their foraging behaviour and (3) the oceanographic features associated with the regions they utilised. Specifically, we predicted that constraints on the diving capacity of relatively small, juvenile NZ fur seals would compel them to utilise habitats where they could access prey in near surface waters. We hypothesised that the constraints on lactating females' trip durations would compel them to utilise regions that were relatively close to the colony. Although adult males have the diving capacity to utilise the same habitats as females and juveniles, males have a larger body size and therefore they have higher energy requirements, which may require that they exploit niches differently to smaller seals. Accordingly, we predicted that the foraging habitats used by males would not be utilised by females or juveniles, either because they were located too far from the colony or because within these habitats the prey were too deep.
MATERIALS AND METHODS
Study site. The study was conducted between July 2000 and March 2003 at the Cape Gantheaume Conservation Park on the south coast of Kangaroo Island, South Australia (36°04' S, 137°28' E) (Fig. 1A) . The NZ fur seal population at Cape Gantheaume has increased by approximately 16% per annum since monitoring began in 1987 and currently numbers about 8900 ind. (Goldsworthy et al. 2003) . The continental shelf to the south of Cape Gantheaume is typically 60 to 90 m deep, with the nearest continental shelf edge (200 m depth contour) and pelagic waters (greater than 2000 m depth) being located 70 and 85 km south of Cape Gantheaume, respectively (Fig. 1A) .
Capture and restraint. In 2000, all juveniles and lactating females were captured using a hoop-net and given Midazolam (intramuscular: 0.15 , Virbac) prior to capture -administered using 0.5 cc barbless darts (Pneu-Dart), fired from a CO 2 -powered tranquilliser gun (Taipan 2000, Tranquil Arms Company). Anaesthetised females were then captured using a hoop-net and restrained by 1 to 2 people because initial restraint stimulated a flight response in all but a few deeply-anaesthetised seals. No Midazolam was used on seals that were given Zoletil, but in most cases anaesthesia had to be maintained using Isoflurane. Adult males, which appeared to be large enough to defend breeding territories during the breeding season, were lightly anaesthetised using Zoletil (intramuscular: ~1.5 mg kg -1 , 1.0 cc barbless darts), captured using a hoop-net, restrained by 2 to 4 people and deeply anaesthetised with Isoflurane using the equipment and methods outlined above. All of our research procedures were approved by the La Trobe University Animal Ethics Committee and the South Australian Department for Environment and Heritage Animal Ethics Committee.
Data collection. Anaesthetised seals were weighed with a spring balance (50 ± 0.1 kg or 200 ± 1.0 kg, Salter) and their body length (nose to tail) was measured (±1 cm). Individually-numbered plastic tags (Supertags, Dalton) were applied to the trailing edge of each foreflipper. To determine the age of seals a postcanine tooth was removed using dental elevators (females: 3 mm, males: 5 mm). To provide short-term pain relief, a local anaesthetic (0.7 ml, Lignocaine, AustraZeneca) was injected in the gum beside the post-canine. Ages were estimated by counting growth layer groups in the cementum of decalcified and stained longitudinal sections of post canines, using methods adapted from Stewart et al. (1996) . The aging technique was validated on post-canine teeth that were collected from 22 known-age NZ fur seals. Age was correctly assigned to 17 (77%) of the known-aged individuals and underestimated by 1 yr for the other 5 (23%) individuals (J. McKenzie unpubl. data).
Satellite transmitters (KiwiSat 101, Sirtrack) were deployed on 27 females, 21 males and 6 juveniles. Time depth recorders (TDRs, Mk7, Wildlife Computers) were concurrently deployed on 27 females and 13 males (Page et al. 2005a ), but not on any juveniles. Transmitters were glued to the fur on the dorsal midline, using a flexible-setting epoxy (Araldite 2017, Vantico). To reduce power consumption, transmitters incorporated a saltwater switch, which turned the transmitter off when it was underwater and transmitters that were deployed on juveniles were programmed to transmit every second day.
Data analyses. To avoid potential biases owing to the different number of foraging trips recorded, data from the second and subsequent foraging trips by the same seal were not used in this study. Foraging trips ended when seals hauled-out on land, which was not always at Cape Gantheaume. If a satellite transmitter failed before a seal returned to land (juveniles n = 2), the remaining trip duration was estimated based on the average horizontal speed recorded and the remaining straight-line distance to Cape Gantheaume, where both seals appeared to be heading.
Satellite location data were obtained through Service Argos. The location-class B and Z positions were omitted due to the magnitude of their error (Sterling & Ream 2004 ). The R statistical software (version 2.0.1, R Development Core Team 2004) and the timeTrack package (version 1.0-9, M. Sumner) were used to apply the filter described by McConnell et al. (1992) , based on a maximum horizontal speed of 2 m s -1 . To determine the number of different 5 km × 5 km (25 km 2 ) grid cells entered by each seal and the proportion of time that they spent in each cell, we assumed a constant horizontal speed between the filtered locations and interpolated a new position for each minute (of time) along the satellite track, using the R statistical software and the timeTrack package. The number of original and interpolated positions, which were located within 25 km 2 cells of a predetermined grid, were then summed and assigned to a central node. Cells that bounded Cape Gantheaume were entered by all seals when commuting near the colony and as a result these cells had relatively high timespent values. NZ fur seals do not typically forage in waters adjacent to Cape Gantheaume (Page et al. 2005a,b) , so the time-spent-in-area values were logtransformed to improve the clarity of the time spent in area figures. To ensure that different foraging trip durations or the number of seals tracked in different seasons did not bias comparisons, the logged amount of time spent in each cell was converted to a proportion of the total time-spent values for each individual, season and/or age/sex group being compared. To improve the clarity of the time spent in area figures, the proportional values of logged time-spent-in-area were plotted using the triangulation with smoothing function in VerticalMapper (version 2.5) (MapInfo Corporation) and plotted using MapInfo (version 6.0).
Spatial overlap in foraging area was quantified by determining the proportion of time spent in 25 km 2 grid cells, which were used by more than 1 age/sex group. To examine the influence of putative traveling behaviour (i.e. low time spent in area values) on the degree of spatial overlap, we also compared proportion of time that more than 1 age/sex group spent foraging in the same area based on the minimum number of cells that constituted 50, 80, 90 and 99% of the time spent at sea for each age/sex group. This was done using data that had not been transformed.
We calculated several parameters to summarise the foraging behaviour of each seal and to describe differences in the physical and biological habitats they utilised. To describe the features and behaviours in proportion to the amount of time spent in each area, the parameters were extracted at 15 min (time) intervals along each interpolated satellite track (except for parameters that described maximums or totals). Behavioural parameters were calculated to describe (1) the total distance travelled (the sum of distances between locations), (2) the maximum straight-line distance from Cape Gantheaume to the distal point reached, (3) the bearing from Cape Gantheaume to each interpolated position, (4) the horizontal travel speed (the distance between consecutive locations, divided by the duration [15 min]), (5) the total number of grid cells entered and (6) the minimum number of grid cells entered that constituted 50% of the foraging trip duration. Parameters 5 and 6 were calculated to estimate the minimum size of the potential area visited (PAV) by each seal. Oceanographic parameters were calculated to describe (1) the mean and (2) the median bathymetry, (3) the mean bathymetric gradient (change in depth in metres for each horizontal kilometre), (4) the median directional bearing of the bathymetric gradient (degrees), (5) the sea surface temperature (SST) and (6) Semi-strong hybrid multi-dimensional scaling (MDS) was employed for multivariate analyses of the behavioural and foraging habitat parameters (see Tables 1 & 2) , to compare among individuals, seasons and sexes, using the PATN Analysis Package (Division of Wildlife and Ecology, CSIRO). The Bray and Curtis association measure was used for the analysis, because it is an effective method for analysing multivariate ecological data (Beals 1984) . A scree plot was used to determine the number of dimensions to use in MDS analyses. Principal axes correlation was used to determine the most influential variables in MDS analyses. Principal axes correlation takes the variables (behavioural or foraging habitat parameters) and finds the location of the best-fitted vector in the ordination space. Variables with significant correlation coefficients (r) were included on the end of each axis (see Figs. 2 & 3) . Stress values were calculated to give an indication of how well the data were represented during ordination. The stress in an MDS is a measure of how distorted (or scattered) the data are, after being confined to a limited number of vectors. The lower the stress value, the better the MDS representation of the data. Generally, stress values less than 0.10 are regarded as being unlikely to result in misinterpretation of the data (Schiffman et al. 1981) .
A forced-entry method of discriminant function analyses (DFA) was also used to compare differences among the behavioural parameters of females, males and juveniles (version 11, SPSS). DFA indicates variation by showing the proportion of individuals that are correctly assigned back to their original groups based on analysis of the behavioural parameters. Crossvalidation was performed to verify the precision of the groupings. When interpreting the results of a DFA, a good classification is regarded as one that correctly assigns a greater proportion of individuals than would be expected to occur by chance alone.
The following parameters were power-transformed to equate variances: trip duration, total distance travelled, maximum distance from the colony, the number of grid cells entered (the sizes of the minimum potential area visited during 50 and 100% of the trip) and the directional bearing of the bathymetric gradient. These transformations did not result in the data being normally distributed for all age/sex groups, so MannWhitney U -tests were used for most analyses, for which Z approximations are reported. Preliminary analyses indicated that there were no significant differences in the behaviour of male and female juveniles, so the data from both sexes were pooled. Similarly, there were too few data to examine inter-annual trends, so data from all years were pooled to examine seasonal patterns. Means are presented as ± SD and all statistical tests are 2-tailed, unless stated, with the α level of statistical significance set at 0.05. Austral seasons are referred to throughout this paper: summer (December to February), autumn (March to May), winter (June to August) and spring (September to November).
RESULTS
In total, 3157 unfiltered locations (classes A, 0, 1, 2, 3; the most accurate satellite positions) were available from the first foraging trips made by 25 female (640 locations), 21 male (1825 locations) and 6 juvenile (692 locations) NZ fur seals (Table 1) . Two of the transmitters on females did not produce any locations. The filter removed 313 locations. After filtering, the average number of locations per day at sea was as follows: females 5.9 ± 4.3; males 7.9 ± 3.8; and juveniles 2.7 ± 0.8 (Table 1) .
Lactating females were significantly shorter and lighter than males (length: t = 24.02, p < 0.001; mass: t = 19.32, p < 0.001) ( Table 1) . Juveniles were significantly shorter and lighter than both females (length: t = 10.52, p < 0.001; mass: t = 13.34, p < 0.001) and males (length: t = 24.62, p < 0.001; mass: t = 13.35, p < 0.001) ( Table 1) . Ages ranged from 6 to 17 yr for females (average 9.3 ± 2.5), 10 to 18 yr for males (average 12.9 ± 1.8) and 2 to 5 for juveniles (average 3.5 ± 1.2) ( Table 1 ). All of the adult males studied defended breeding territories in at least one of the following breeding seasons (2001-02 to 2004-05) , indicating that they were physically and socially mature (J. McKenzie unpubl. data).
Foraging trip duration
Overall, males made significantly longer foraging trips than females (Z = 3.18, p = 0.001) and juveniles made significantly longer trips than both females (Z = 3.75, p < 0.001) and males (Z = 3.56, p < 0.001) (Table 1) . In autumn and winter, females made significantly longer foraging trips than females in summer (Z > 2.12, p < 0.034 in both cases), but there were no other significant seasonal differences in trip duration for females, males or juveniles (Z < 1.53, p > 0.05 in all cases) (Table 1) . Foraging trip duration was significantly and positively correlated with total distance travelled (females: r = 0.913, p < 0.001; males: r = 0.745, p < 0.001; juveniles: r = 0.886, p = 0.019). For females and males, foraging trip duration was significantly and positively correlated with the maximum distance from the colony (females: r = 0.922, p < 0.001; males: r = 0.685, p = 0.001). Neither age, length nor mass were significantly correlated with foraging trip duration (seasonally nor overall) for females, males and juveniles (p > 0.05 in all cases).
Summary of foraging behaviour
Most females travelled within an arc from east to south of Cape Gantheaume (median bearing 128°) and travelled total distances between 37 and 642 km (average 259.8 ± 187.7 km) ( Fig. 1C ). Overall, the bearings and total distances travelled by females, males and juveniles differed significantly in all age/sex group comparisons (Z > 2.24, p < 0.025 in all cases) ( Table 1) .
Swim speed and maximum distance from the colony
The maximum distance reached from Cape Gantheaume differed significantly between females (average 259.8 ± 187.7 km), males (471.2 ± 247.2 km) and juveniles (1701.3 ± 748.7 km) (Z > 2.72, p < 0.006 in all cases) (Table 1) . Overall, the average horizontal speed recorded for females (0.77 ± 0.36 m s ) did not differ significantly (F = 1.49, p = 0.236) ( Table 1 ). The proportion of maximum distance from Cape Gantheaume was calculated at 15 min intervals to examine the relationship between the distance from the colony and average horizontal speed. The proportion of maximum distance was negatively correlated with average horizontal speed in both the first half (females: r = 0. Table 1 . Arctocephalus forsteri. Summary data on age, body size and foraging trip characteristics of 25 lactating female, 21 adult male and 6 juvenile NZ fur seals.
Means ± SD are shown 0.286, p = 0.001) and second half (females: r = 0.395, p = 0.001; males: r = 0.387, p = 0.001; juveniles: r = 0.354, p = 0.001) of foraging trips, indicating that seals travelled more rapidly when they were close to the colony compared with when they were close to their maximum distance.
Demographic differences: foraging behaviour
The first MDS analysis shows the similarity of individuals' foraging behaviour parameters (Fig. 2) . Juveniles separated from males and females based on differences in the significantly-correlated variables that summarised the horizontal speed, the median bearing, the maximum distance from the colony, the minimum size of the PAV in 50 and 100% of the trip and the total distance travelled (Fig. 2) . Some females, particularly those from summer, separated from males based on differences in horizontal speed, maximum distance from the colony, the minimum size of the PAV in 50% of the trip and total distance travelled (Fig. 2) . Other females and males overlapped as a result of similarities in the parameters that summarised the median bearing, the minimum size of the PAV in 50 and 100% of the trip and the total distance travelled (Fig. 2) . The forced-entry DFA based on the behavioural variables also indicated differences in the behaviour of the age/sex groups: it assigned 72.0, 81.0 and 83.3% (64.0, 71.4 and 66.7% cross-validated) of females, males and juveniles back to the correct category.
The MDS analysis of behavioural parameters indicated seasonal differences for juveniles (summer versus autumn) and females (summer versus other seasons), but not for males (Fig. 2) . In summer, differences in the horizontal speed, maximum distance from the colony, minimum size of the PAV in 50% of the trip and total distance travelled by juveniles and females were responsible for the seasonal differences (Fig. 2) . The maximum and total distances recorded for females in autumn and winter and the total distance travelled by juveniles in autumn were significantly greater than the distances recorded in summer (Z > 1.96, p < 0.025 in all cases) ( Table 1) . The PAV during their entire trips for females and juveniles in autumn and the minimum size of the PAV in 50% of the trip by females in winter were all significantly greater than the minimum size of the PAV in summer (Z > 1.96, p < 0.05 in all cases) ( Table 1 ). The bearing for juveniles in autumn was significantly greater than in summer (Z = 1.96, p = 0.050) ( Table 1 ).
Demographic differences: oceanography
The second MDS analysed the oceanographic parameters and shows the similarity of individuals' oceanographic parameters (Fig. 3) . The multivariate analysis of oceanographic data grouped individuals into 3 clusters: (1) continental shelf (23 females and 2 males), (2) pelagic waters (6 juveniles, 1 male and 2 females) and (3) shelf break (18 males). Juveniles separated from most males and females based on differences in all of the significantly correlated variables (Fig. 3) . Females typically separated from males based on differences in mean chlorophyll concentration, SST, median bathymetric gradient and mean and median bathymetry (Fig. 3) . The DFA based on oceanographic variables confirmed differences between the age/sex groups by assigning 92.0, 85.7 and 100.0% (84.0, 81.0 and 100.0% cross-validated) of females, males and juveniles correctly. On average, juveniles foraged over waters that were significantly deeper than those used by males (median depths: 4578.9 and 132.7 m, mean depths: 4036.8 ± 809.3 m and 467.3 ± 975.9 m, respectively; Table 2 , ) and juveniles (Z = 0.32, p = 0.345) ( Table 2 ). Females typically utilised waters over the continental shelf and males used habitats on the shelf break (Fig. 1A,B) , which was reflected by the significant difference in the bathymetric gradient (Z = 4.89, p < 0.001) ( Table 2) .
Seasonal comparisons of the SST and surface chl a concentration were made between the continental shelf, shelf break and pelagic habitats, which were identified in the MDS analysis (Fig. 3) . The lactating females (n = 2) and adult males (n = 2) that did not feed over the continental shelf and shelf break, respectively, were excluded from this analysis because there were too few individuals to statistically compare these groups. In summer and autumn, the shelf waters used by females had higher SST than the pelagic waters used by juveniles, but the chl a concentrations were only higher over the shelf in autumn (Z > 1.96, p < 0.050 in all cases) ( Table 2 ). Autumn SST was higher in shelf break waters used by males than in waters used by juveniles (Z = 2.12, p = 0.034), but chl a concentrations did not differ significantly (Z = 0.90, p = 0.368) ( Table 2 ). In autumn and winter, chl a concentrations were higher in the shelf waters used by females than in the shelf break waters used by males (Z > 2.34, p < 0.019 in both cases), but the SST did not differ significantly (Z < 0.85, p > 0.40) ( Table 2 ).
In the shelf regions utilised by females, SST was significantly higher during summer than it was during autumn and winter (Z > 2.14, p < 0.032 in both cases), but the chl a concentration did not differ significantly (Z < 1.68, p > 0.867 in both cases) ( Table 2) . Where females foraged, the SST and chl a concentration were significantly higher in autumn than winter (Z = 2.75, p = 0.006) ( Table 2 ). Over the shelf break, where males foraged, SST was significantly higher in autumn than it was during winter and spring (Z > 2.13, p < 0.033 in both cases) ( Table 2 ). The SST in winter and spring and chl a concentrations in autumn, winter and spring did not vary significantly where males foraged (Z < 1.235, p > 0.85 in all cases) ( Table 2 ). Neither SST nor chl a concentrations were significantly different in the pelagic waters used by juveniles in summer and autumn (Z < 1.53, p > 0.127 in both cases) ( Table 2) .
Habitat separation among male, female and juvenile NZ fur seals
The degree of spatial overlap between each of the age/sex groups is presented in Fig. 5 Fig. 3 . Arctocephalus forsteri. Inter-individual, inter-seasonal and intraseasonal variation in parameters that describe physical and biological oceanography in the habitats used by lactating female (D, n = 25), adult male (s, n = 21) and juvenile (s/A, n = 6) NZ fur seals. Each individual's single foraging trip is represented by a single point and seasons are represented by different numbers. A polygon encloses groups that used pelagic waters (top right polygon: 6 juveniles, 2 lactating females,1 adult male), shelf break waters (middle polygon: 18 adult males) and continental shelf waters (bottom polygon: 23 females, 2 adult males). Up to 3 variables (oceanographic parameters) that had significant correlation coefficients are shown on the ends of each axis; 2-dimensional stress = 0.070 were entered by more than 1 age/sex group (Fig. 5) . The 45°line indicates the position of a hypothetical 1:1 level of overlap between 2 groups (Fig. 5) . In all comparisons the age/sex group on the x-axis spent relatively more time foraging in the region of overlap compared with the group on the y-axis because all the curves were plotted below the 45°line (Fig. 5) .
The degree of overlap between males and females was greater than between juveniles and either adult group (Fig. 5) . Females utilised a relatively small area, much of which was used by males and juveniles (Figs. 1 & 5) . Males used a larger area than females (Fig. 1A,B) , and males spent most of their time foraging outside the areas used by females (Figs. 5 & 6B) . Trendlines that depicted the degree of overlap between males and females were relatively long, indicating a high level of overlap based on the PAV during 100% of cells visited and lower levels based on the PAV in 50% of time spent at sea (Fig. 5) . Based on the PAV during the entire trip (and the PAV in 50%), males spent 61.2% (24.3%) of their time foraging in the cells that were used by females, and females spent 50.2% (8.9%) of their time foraging in regions used by males (Fig. 5) . Juveniles spent 30.9% (10.0%) of their time at sea foraging in the regions used by males and 30.0% (16.7%) in the regions used by females (Fig. 5) . Trendlines that depicted the proportion of time that males and females foraged in the regions used by juveniles were relatively short (Fig. 5) because males (14.1%, [2.9%]) and females (7.7%, [1.4%]) rarely foraged in the pelagic regions used by juveniles (Figs. 1 & 5) .
The areas used by females and males, which were not used by other age/sex groups, are based on the minimum size of the PAV during 50% of time at sea (Fig. 6) . Most of the grid cells that were used almost exclusively by females were located within 50 km of the colony, in the arc from east to southeast and from south to southwest (Fig. 6A) . Most of the region that Table 2 . Arctocephalus forsteri. Summary data on parameters that described physical and biological characteristics of the habitats used by 25 female, 21 adult male and 6 juvenile NZ fur seals. Means ± SD are shown was used exclusively by males was bounded to the north by the foraging grounds utilised by females (Fig. 1A) and to the south by the 1000 m depth contour (Fig. 6B) . The region that was used almost exclusively by males extended along approximately 130 km of the shelf break (Fig. 6B) . The areas used almost exclusively by juveniles are not depicted because adult foraging grounds overlapped to such a small extent with juvenile foraging grounds (Figs. 1 & 5) .
DISCUSSION
Our data support the hypothesis that lactating female, adult male and juvenile NZ fur seals typically forage in spatially separated habitats (Fig. 1) . Several studies have demonstrated how different demographic groups use resources in different ways, broadening the overall niche and reducing intra-specific competition. For example, inter-sexual differences have been related to bill dimorphism in birds (e.g. Radford & Du Plessis 2003) , gape size in sea-snakes (e.g. Shine et al. 2002) , costs and benefits associated with storing and transporting body fat and ontogenetic niche shifts in phocid seals (Beck et al. 2003 , Field et al. 2005 ) and the diet and dive behaviour of fur seals (Robson et al. 2004 , Sterling & Ream 2004 , Page et al. 2005a .
Lactating female foraging behaviour
Previous studies indicate that animals forage in regions where they can satisfy their metabolic requirements in a biologically-significant period (Lindstedt et al. 1986 , Thompson et al. 1998 , Field et al. 2005 . Although lactating females are intermediate in size to adult males and juveniles, the females in this study typically conducted the shortestduration trips (Table 1) , highlighting the constraints imposed by their dependent pups. We found that during summer, when their pups were young and small, lactating females conducted brief trips and foraged in relatively shallow waters closer to the colony, nursing their pups in brief but regular bouts. In our study and in New Zealand, lactating females performed their longest duration trips in autumn and winter, when their pups were larger and therefore had greater fasting capacities (Harcourt et al. 1995 , Mattlin et al. 1998 .
Two hypotheses could explain our finding that female foraging-trip duration is positively related to the distance they travelled. Firstly, the positive relationship indicates that a pup's fasting ability influences the distance its mother can travel, as has been suggested in other studies (Boyd 1999 , Harcourt et al. 2002 , Robson et al. 2004 . Secondly, these differences in trip duration may represent seasonal differences in prey availability. Although we did not measure prey abundance, differences in surface chl a concentrations are thought to relate to both secondary and tertiary productivity in this region (Ward et al. 2004 ). The regions used by lactating female and adult male NZ fur seals lie on the northern edge of the Flinders Current, which flows from east to west along the outer shelf break (Middleton & Cirano 2002) . During summer and autumn, southeasterly winds drive pulses of coastal upwelling, which draw cool (13 to 15°C), nutrient-rich water from the Flinders Current onto the shelf and result in enhanced chlorophyll concentrations and zooplankton biomass across the continental shelf and shelf break (Lewis 1981 , Schahinger 1987 , Ward et al. 2004 . In this region, coastal upwelling results in increased secondary and tertiary productivity compared with other seasons (Ward et al. 2004) . We found that females used regions with lower surface chl a concentrations in summer, indicating that either the upwelling had not commenced or that females could not (or did not need to) travel to regions with the highest chl a concentrations, if they were present. Alternately, our index of surface chl a concentration may have underestimated the total chl a concentration in these regions if the upwelled water did not reach the surface. In New Zealand, lactating NZ fur seals were also recorded making brief trips in summer, indicating that enough prey was available close to the colony to support their small pups (Harcourt et al. 1995 , Harcourt et al. 2002 . During autumn and winter, we found that female NZ fur seals foraged further from the colony and that during autumn females were utilising regions with enhanced productivity. Although females may have been preferentially utilising regions with relatively high chl a concentrations, our results do not include data from regions that were not used by females. As a result, our study focuses on seasonal differences and differences in the regions used by lactating females, adult males and juveniles.
In winter, 2 females traversed continental shelf and shelf break waters to forage in pelagic waters (Fig. 1A) . The distances these females travelled were among the highest we recorded ( Table 1 ). Given that SST and surface chlorophyll concentrations over the continental shelf decreased between autumn and winter, it is likely that tertiary productivity also decreased, compelling some females to invest more time traveling in order to utilise pelagic waters. Interestingly, the diving behaviour of lactating female NZ fur seals and Australian sea lions from Seal Bay (20 km northwest of Cape Gantheaume) also indicates that prey over the continental shelf is harder to utilise in winter (Costa & Gales 2003 , Page et al. 2005a ). Both lactating NZ fur seals and Australian sea lions dived deeper during winter, suggesting that prey were located closer to the benthos or that seals foraged in different regions (Costa & Gales 2003 , Page et al. 2005a ). Based on similar findings of dive depth and distance travelled, Harcourt et al. (2002) also suggested that foraging conditions become more difficult for female NZ fur seals in colder months compared to summer.
Female NZ fur seals that travel to pelagic habitats (distant) are thought to expend more energy than those feeding closer to the colony (Arnould et al. 1996) . The lactating females may be compensated for the additional time and energy they expended commuting to pelagic foraging grounds if they can procure more energy per unit time in pelagic regions compared to the demersal habitats of the continental shelf. This may be because prey in pelagic waters are either more abundant or energy-dense. Some fur seal foraging behaviour studies support this idea, because females that invest more time traveling often exploit prey in shallower depths compared with females on shorter trips (e.g. Boyd et al. 1991 , Arnould et al. 1996 , Page et al. 2005a . Seals undertaking longer trips may also be compensated for the additional energy they expend if the prey they consume contain more energy than those found locally.
Central-place foragers such as lactating fur seals utilise reliable sources of prey in order to regularly provision their dependent young. Previous studies have shown that some lactating fur seals utilise regions with relatively high surface chl a concentrations if they are within their foraging range (e.g. Georges et al. 2000 , Guinet et al. 2001 . The continental shelf regions used by the lactating females in this study had similar SST, but the surface waters contained almost twice the density of chl a as the shelf break regions used by males (Table 1, Fig. 3 ). It is possible that lactating NZ fur seals utilise these regions because they contain a temporally-and spatially-reliable source of prey, which are accessible in relatively shallow depths. By utilising reliable foraging habitats, females may minimise their foraging trip durations and maximise their foraging success, which is how they maximise milk delivery rates to their pups.
Adult male foraging behaviour
Based on the larger body size and greater energy requirements of male fur seals, males may either utilise a different niche in the same regions as lactating females and/or may utilise spatially separated regions. Because we showed that males and females use spatially separated habitats, we expect that males can procure more energy per unit time in the deeper waters over the shelf break compared to waters over the continental shelf. Accordingly, we expect the shelf break habitat would contain the highest densities of their preferred prey. Our finding that surface waters over the shelf break habitat comprise a relatively low chl a concentration, compared to the continental shelf, does not support this expectation. However, it is possible that the chl a concentration index does not represent total chl a concentration in this region, because upwelled waters may not reach the surface often over the deeper shelf break habitat. Alternately, chl a concentration and prey aggregations may have been spatially and temporally separated during the study.
Little is known about the behaviour of fur seal prey in this region, but there is indirect evidence that suggests the shelf break does support relatively high densities of fishes and cephalopods. Firstly, data from research trawls in the region indicated that small pelagic fishes were concentrated over shelf break waters compared with continental shelf waters (Shuntov 1969) . Secondly, commercial trawl data from the South East Trawl Fishery indicates that this region supports a significant biomass of fishes and cephalopods (Australian Fisheries Management Authority 2001). The spatial distribution of fishing effort indicates that trawlers exclusively operate over shelf break areas, but not over continental shelf or pelagic waters (Australian Fisheries Management Authority 2001). In the regions used intensely by male fur seals and the fishery, trawl effort is between 3 and 24 km trawled km -2 and fishery catch is between 0.5 and 2.0 t km -2 each year (Australian Fisheries Management Authority 2001). Although we cannot be sure that male NZ fur seals utilise the shelf break because it supports a higher density of marine resources, these observations suggest that relatively high densities of fishes and cephalopods occur in this region. Given that intra-sexual competition favours larger body size in male fur seals, their central-place foraging tendency seems unusual. Page et al. (2005a) discussed 3 possible reasons for this counter-intuitive behaviour: (1) the benefits of displaying to females and rivals outside the breeding season (Troy 1997) , (2) delaying fat accumulation until immediately prior to the breeding season (Beck et al. 2003) and (3) predator avoidance. Similarly unconstrained harbour seals Phoca vitulina and southern elephant seals Mirounga leonina exhibit relationships between trip duration and (1) body size and (2) age, respectively (Thompson et al. 1998 , Field et al. 2005 , but this has not been demonstrated for male otariids (Sterling & Ream 2004 , Page et al. 2005a ). Although we found that the distances travelled by males were positively related to trip duration, this relationship offers little insight into factors that affect male fur seal foraging trip duration.
Juvenile foraging behaviour
Given the relationship between the body size of seals and their diving capacity (Kooyman 1989) , juvenile fur seals are most likely restricted to nocturnal foraging in near-surface waters. The diving behaviour of adult male and female NZ fur seals suggests that an ability to efficiently exploit benthic prey is necessary to utilise continental shelf and shelf break habitats (Page et al. 2005a ). Although juveniles undoubtedly forage when they encounter suitable prey patches over the continental shelf or shelf break, juvenile body size limits their available depth range and they would be forced to continue into pelagic waters if prey were too big or at depth. Median dive depth and duration for lactating females that foraged over the continental shelf was 57.5 m and 2.9 min, compared with 19.0 m and 2.6 min for females that utilised pelagic habitats, suggesting that prey occur at shallower depths in pelagic waters (Page et al. 2005a) . In pelagic waters, juveniles would most likely be able to utilize similar prey to lactating females because, as pups, NZ fur seals have been recorded diving to 44 m for up to 3.3 min (Baylis et al. 2005 ).
Although we did not find inter-sexual differences in the behaviour of juvenile males and females, this may be an artefact of our small sample sizes (Table 1) . In southern elephant seals, juvenile females make longer duration foraging trips than juvenile males, but otherwise their foraging behaviour is similar (Field et al. 2005) . Field et al. (2005) attributed these similarities to the lack of sexual dimorphism during the juvenile years. Similarly, in NZ fur seals, sexual dimorphism becomes apparent after 5 years of age, when annual growth rates first differ significantly (J. McKenzie unpubl. data). Although the trigger for the transition from juvenile to adult foraging behaviour is not known, it is possible that changes in foraging behaviour occur when annual growth rates diverge and sexual dimorphism becomes apparent (males) or following parturition (females).
Juvenile NZ fur seals typically foraged in association with the subtropical front, which is characterised by relatively high chl a concentrations and low SST (~14°C) (e.g. Pakhomov et al. 1994 ). Fishes and cephalopods that are associated with the subtropical front typically perform vertical migrations to spend the day at great depths, but return to near-surface waters at night to feed on plankton (Pakhomov et al. 1994) . New Zealand fur seals that use pelagic waters are thought to target lanternfishes at night, which are approximately 8 to 10 cm long and 7 to 10 g (Page et al. 2005a,b) . In contrast, when foraging over continental shelf and shelf break habitats, adult female and male NZ fur seals utilise fishes and cephalopods that are approximately 15 times heavier than the lanternfishes they utilise in pelagic waters (Page et al. 2005b) . In addition to their reduced diving capacity, small seals may not be able to capture, kill and consume large prey underwater, which may explain why juveniles exploit the small prey that occur in pelagic habitats. There are no comparative data on the energy content or behaviour of fur seal prey species from continental shelf waters or pelagic waters, so we cannot determine if juvenile NZ fur seals and some adult NZ fur seals travel to pelagic waters because prey are more energy rich or easier to access.
The increased need to haul-out during the annual moult may be the reason for the shorter duration foraging trips conducted by juveniles during summer. In autumn, juveniles dispersed more widely in search of prey, possibly reflecting the reduced availability of their prey in nearshore waters. Although juvenile NZ fur seal foraging behaviour was not recorded in winter and spring, the similarities in their diet suggest that juveniles utilise pelagic waters throughout the year (Page et al. 2005b ).
Habitat separation among male, female and juvenile NZ fur seals
The degree of habitat separation that we observed between female, male and juvenile NZ fur seals is intriguing, because most individuals conducted relatively brief trips (Table 1 ) and returned to colonies on Kangaroo Island, generating the potential for resource competition in nearby waters. However, the areas of spatial overlap were relatively small and were typically located within 50 km of Cape Gantheaume, a region that was utilised extensively by lactating females (Figs. 1A & 6A) but less so by adult males and juveniles (Figs. 1B, C, 5 & 6B) . The foraging habitats used by lactating females were typically closer to the colony than those used by adult males and juveniles (Fig. 1) , similar to the findings of previous studies on otariids (Sterling & Ream 2004 , Ream et al. 2005 , Page et al. 2005a and references therein). The degree of spatial overlap in male and juvenile foraging habitats was also minimal (Figs. 1B,C, 5 & 6B) . Adult males typically foraged along the shelf break, and juveniles foraged further south in pelagic waters (Fig. 1B,C) . Furthermore, the closer that seals were to the colony, the faster they travelled, which suggests that when seals were in the areas of greatest spatial overlap, they were typically commuting to their preferred foraging grounds (Fig. 1) . Dive records also indicate that adult male and lactating female NZ fur seals spend relatively little time foraging in waters adjacent to the colony, because few dives were recorded within 3 to 5 h of their departure/arrival (Page et al. 2005a) . Rapid traversing of nearshore waters is also evident among chick-rearing seabirds (e.g. Gremillet et al. 2004) , which implies that these colonial breeding animals cannot rely on nearshore resources, in accordance with the theory of localised depletion (Ashmole 1963 , Birt et al. 1987 .
We showed that adult male and lactating female NZ fur seals used adjoining habitats throughout the year. Concurrent dietary studies indicate that about twothirds of their prey comprises a similar biomass of the same species (Page et al. 2005b ). Although males consume heavier prey than females, there is also considerable overlap in prey mass. Males typically dive deeper than females, but in some months (e.g. winter) the mean dive depth of females (47.8 ± 4.0 m) and males (51.6 ± 8.5 m) did not differ significantly, suggesting that prey over the shelf break would sometimes be within the diving capacity of females (Page et al. 2005a) . It is worth speculating about why lactating females do not use the shelf break habitat, because in places it is closer to Cape Gantheaume (e.g. 70 km due south) than the average maximum distance females travelled (108 ± 74 km) ( Table 1 ). This spatial separation could be explained by inter-sexual differences in the physiological diving capacity of adult males and females. Dive behaviour studies indicate that lactating female and adult male NZ fur seals utilise both pelagic and benthic habitats, but males perform deeper and longer duration dives, which typically occur over the shelf break (Page et al. 2005a ). The continental shelf habitat has a relatively constant depth (Table 2) , which suggests that prey would remain within the dive capacity of lactating females over the entire shelf, possibly making this a more reliable habitat for females. Females may avoid spending time over the shelf break for the same reason that juveniles are thought to avoid both continental shelf and shelf break waters: prey can be too deep. The necessity to perform deep dives to utilise demersal or benthic prey (if prey are not located near the surface) may determine whether seals can use continental shelf or shelf break habitats.
CONCLUSIONS
This study provides a demonstration of reduced intra-specific competition among lactating female, adult male and juvenile NZ fur seals. Pup-rearing constraints on females and differences in body size among the age/sex groups are most likely responsible for the observed differences in the way lactating females, males and juveniles utilise resources. Larger individuals have a capacity to dive deeper and spend longer underwater than smaller individuals, which opens up different niches and a wider assortment of potential prey for larger individuals. It seems likely that smaller seals are restricted to foraging in pelagic regions where prey migrate into near-surface waters at night. In contrast, prey over the continental shelf and shelf break do not seem to reliably migrate off the seafloor. Rather than risking periods of inefficient foraging over the shelf break, females utilise shallower continental shelf habitats, which have relatively high surface chl a concentrations. We suggest that males use shelf break habitats because they may contain a relative abundance of larger, more energy-dense prey, which lactating females cannot efficiently exploit. Direct measurements of the distribution and abundance of fur seal prey in these habitats would increase our understanding of what underpins the spatial separation of foraging habitats among fur seals.
